SFTS virus (SFTSV) is a highly pathogenic bunyavirus that causes severe fever with thrombocytopenia syndrome (SFTS), an emerging infectious disease in China. Laboratory mice have been reported to be susceptible to SFTSV infection, but the infection in nonhuman primates has not been investigated. This study is the first to report that, in rhesus macaques, SFTSV does not cause severe symptoms or death but causes fever, thrombocytopenia, leukocytopenia, and increased levels of transaminases and myocardial enzymes in blood. Viremia, virus-specific immunoglobulin M and immunoglobulin G antibodies, and neutralizing antibodies were identified in all infected macaques. Levels of the cytokines interferon γ, eotaxin, tumor necrosis factor α, and macrophage inflammatory protein 1β were significantly elevated in the blood. Minor pathological lesions were observed in the liver and kidney during the late stages of infection. Overall, SFTSV infection in rhesus macaques resembled mild SFTS in humans.
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Severe fever with thrombocytopenia syndrome (SFTS) is an emerging infectious disease caused by SFTS virus, a novel phlebovirus in the family of Bunyaviridae [1, 2] . SFTS is believed to be transmitted to humans through tick bites [1, 3] , and several cases of person-to-person transmission have been reported [4, 5] . Clinical features of SFTS typically include abrupt fever; thrombocytopenia; leukocytopenia; gastrointestinal symptoms; elevated serum levels of alanine aminotransferase (ALT), aspartate aminotransferase (AST), blood urea nitrogen, creatinine, lactate dehydrogenase, and creatine kinase; and elongated activated partial-thromboplastin time [4, 6] , indicating impairment in multiple organs. SFTSV infection can also induce a cytokine storm with abnormally expressed cytokine profiles in the acute phase of viral infection [7] . Patients with severe SFTS usually die from multiple organ dysfunction syndromes and disseminated intravascular coagulation within 2 weeks after onset of the disease [4, 6] . The average case-fatality rate is about 10% for hospitalized individuals [8, 9] .
After the discovery of SFTS in China, several cases with similar clinical symptoms were identified in the United States, Japan, India, and Korea [10] [11] [12] [13] . Phylogenetic analysis showed that Korean isolates and Japanese isolates from SFTS cases were closely related to the SFTSV strains identified in China. The Heartland virus isolated in the United States and the Malsoor virus isolated in India shared the highest homology with SFTSV. Although epidemics of SFTSV infection have been revealed outside of China, there are no licensed vaccines or specific pharmaceutical options approved for human use.
Developing adequate animal models for SFTSV is a research priority for understanding the pathogenesis of this emerging viral pathogen and for developing countermeasures to infection. It has been reported that laboratory rodents, such as mice and hamsters, are susceptible to SFTSV infection through various inoculation routes, including intramuscular, subcutaneous, intravascular, or intraperitoneal injection, leading to viremia and strong antibody responses [14] . Moreover, SFTSV infection in C57/BL6 mice caused symptoms of thrombocytopenia, leukocytopenia, and elevated levels of AST, ALT, and blood urea nitrogen in blood, as well as pathological lesions in the spleen, liver, and kidney. The susceptibility to SFTSV infection may vary depending on the strain of rodents used [14] . SFTSV infection did not cause the death of immune competent mice and hamsters and, overall, resembled a mild infection in humans.
Nonhuman primates are the gold standard animal models for studying the pathogenesis of viral human diseases and for developing countermeasures [15] [16] [17] . Nonhuman primates have been widely used to study the infection and pathogenesis of bunyaviruses that lead to disease involving hemorrhagic fever [18] [19] [20] [21] . However, to date, there have been no studies performed on SFTSV infection in nonhuman primates. In this study, we use Asian rhesus macaques (Macaca mulatta) to examine SFTSV infection in nonhuman primates. We report the characteristics of infection kinetics and viremia, virus-specific antibody responses, and inflammatory cytokine responses over the entire experimental infection course, as well as pathological lesions observed at the study end point, in SFTSV-infected rhesus macaques.
MATERIALS AND METHODS

Virus and Animals
The SFTSV strain HB29 was isolated from an individual with a severe case of SFTS by plaque purification and was propagated 5 passages in Vero E6 cells. Eight healthy adult female rhesus macaques (age range, 4-5 years; weight range, 4.1-5.2 kg) were purchased from Sichuan Yibin Hengshu Biotechnology. All macaques were proven to be absent of previous infections of Mycobacterium tuberculosis, Salmonella species, Shigella species, ectoparasites, endoparasites, and SFTSV. Of the 8 macaques, 6 (MK1-6) were subjected to SFTSV infection, and 2 (MK-C1 and MK-C2) were control animals. Among the 6 infected macaques, 2 (MK5 and MK6) were euthanized after 2 weeks of infection, and 4 (MK1-4) were euthanized after 4 weeks of infection.
Animal Infection and Blood Sample Collection
Animals were anesthetized by means of ketamine hydrochloride (5 mg/kg) and then received an intramuscular injection of 1 × 10 7 median tissue culture infective doses (TCID 50 ) of SFTSV in 1 mL of saline. The same volume of saline was injected into control animals. Infected macaques were monitored daily for abnormal appearance and behaviors. On days 0, 1, 3, 5, 7, 9, 12, 15, 19, 23 , and 28 after inoculation, the animals were measured for weight and rectal temperature. For blood sampling, 6-8 mL of venous blood was collected on days 0, 1, 3, 5, 7, and 9, and 8-10 mL of venous blood was collected on days 12, 15, 19, 23, and 28.
Hematological and Biochemical Parameters
Counts of white blood cells (WBCs), red blood cells, and platelets and levels of hemoglobin were measured in blood samples stored in ethylenediaminetetraacetic acid, using a Mindray 3000 hematology analyzer (Mindray Limited). The plasma levels of sodium, potassium, AST, ALT, blood urea nitrogen, creatinine, creatine kinase, lactate dehydrogenase, alkaline phosphatase, and cystatin C were measured using a Hitachi 7080 biochemical analyzer (Hitachi Limited).
Virus Detection in Blood and Tissues
Viral RNA copies were measured using a TaqMan 1-step realtime reverse transcription polymerase chain reaction (PCR) assay as previously described [22] . Infectious viral titers in blood and tissues were determined by a TCID 50 assay as previously reported [1, 14] .
Antibody and Cytokine Assays
SFTSV-specific immunoglobulin M (IgM) and immunoglobulin G (IgG) antibodies were quantified by a Luminex assay as previously described [14] , using R-phycoerythrin-conjugated goat anti-monkey IgG (Sigma Aldrich) or R-phycoerythrinconjugated rat anti-monkey IgM monoclonal antibody (Abcam) as secondary antibodies. The neutralizing antibody titer was measured by means of a microneutralization assay as previously described [1, 4] . A commercial multiplex-biometric immunoassay kit was used to test production of 22 nonhuman primate cytokines in plasma (Affymetrix), including interleukin 1β, interleukin 2, interleukin 4, interleukin 5, interleukin 6, interleukin 9, interleukin 10, interleukin 12, interleukin 13, interleukin 15, eotaxin, granulocyte colony-stimulating factor, granulocyte macrophage colony-stimulating factor, interferon γ (IFN-γ), IFN-γ-inducible protein, monocyte chemotactic protein 1, macrophage inflammatory protein 1α, macrophage inflammatory protein 1β, platelet-derived growth factor, regulated on activation and normally T-cell expressed, tumor necrosis factor α, and vascular endothelial growth factor.
Tissue Sample Collection and Histopathological Analysis
At the study end point, animals were subjected to necropsy after exsanguination. Spleen, lymph node, liver, kidney, intestine, lung, muscle, brain, and heart tissue specimens were collected. For each type of tissue, half of the specimen was immersion fixed in 10% neutral buffered formalin for histopathological examination, and half was frozen at −80°C for virological assays. Paraffin-embedded tissue sections were subjected to hematoxylin-eosin staining for blinded histopathology examination by two pathologists. Histopathological evaluation of the liver was performed using the HAI-Knodell scoring system [23] . Glomerular lesions in the kidney were evaluated using a scoring system developed previously [24] , which evaluated glomerular lesions for the presence or absence of tuft atrophy, Bowman capsule changes, periglomerular fibrosis, membranoproliferative changes, tuft adhesions, sclerosis, and/or atrophy. Lesion scores were assigned as follows: 0, no lesions; 1, <10% of the total slide area affected; 2, 10%-25%; 3, 25%-50%; and 4, >50% [24] .
Animal Ethics
All SFTSV infectious animal experiments were performed in biosafety level 3 containment at the Institute of Laboratory Animal Science of the Chinese Academy of Medical Sciences in accordance with institutional guidelines. The animal study protocol was approved by the institutional animal welfare committee.
RESULTS
SFTSV Induced Fever and Changes of Hematological and Biochemical Parameters
To investigate the kinetics of SFTSV infection in 6 rhesus macaques, weight, temperature, and hematological and biochemical parameters were tested before virus inoculation (day 0) and on days 1, 3, 5, 7, 9, 12, 15, 19, 23, and 28 after inoculation. Daily observation found no abnormal appearance or behavior. During the early stage of infection, from days 1 to 7 after inoculation, all 6 infected macaques developed mild temperature increase and decreased counts of white blood cells and platelets, which mimicked the typical clinical symptoms of fever, thrombocytopenia, and leukocytopenia in patients with SFTS (Figure 1 ). Additionally, decreased red blood cell counts and decreased hemoglobin concentrations were observed, both of which have been reported in some patients with SFTS as minor symptoms [25] . Blood biochemistry analysis showed substantially elevated levels of myocardial enzyme lactate dehydrogenase and AST from days 5 to 12 after inoculation in infected macaques, as reported in most patients with SFTS [4, 6] ( Figure 1 ). Elevated levels of ALT were observed in 2 infected macaques (MK1 and MK5) from days 5 to 12 after inoculation, and a mild increase in the creatinine level was seen in 4 infected macaques (MK1-3 and MK6) from days 1 to 5 after inoculation. Mild increases in levels of both ALT and creatinine have been reported in some patients [4, 6] . Overall, the exposure of rhesus macaques to SFTSV mimicked the major clinical features of a mild infection in patients with SFTS (Table 1) .
Viremia and Virus-Specific Antibody Responses
To verify SFTSV infection in macaques, viral RNA copies, viral titers, and virus-specific antibody responses were analyzed at various time points. We found that the number of viral RNA copies in blood began to increase on day 1, peaked during days 3-5, and were undetectable on day 7 after inoculation ( Figure 2 ). Viral titers during peak viremia ranged from 10 1.6 to 10 4.1 TCID 50 /mL (Supplementary Table 1 ). In SFTSV-infected macaques, virus-specific IgM antibodies appeared on day 5 after inoculation, remained at high levels from days 7 to 15 after inoculation, and then gradually decreased in abundance (Figure 2) . Virus-specific IgG antibodies appeared later on day 7 after inoculation, and levels then gradually increased and plateaued around day 15 after inoculation ( Figure 2 ). SFTSV infection in macaques also induced neutralizing antibody responses at low levels, ranging from 1:32 to 1:128 (Supplementary  Table 1 ). Together, these data indicate that SFTSV can efficiently infect and replicate in macaques and is capable of inducing virus-specific antibody responses.
Abnormal Cytokine Profiles in Infected Rhesus Macaques
In the acute phase of SFTSV infection, disease severity is associated with an abnormal cytokine storm. Therefore, to study systemic host immune responses to SFTSV infection, we examined cytokine production in SFTSV-infected macaques throughout the experimental infection course (Figure 3) . We found that, in infected macaques, the production of IFN-γ and eotaxin were significantly elevated during the early stage of infection and that the production of tumor necrosis factor α and macrophage inflammatory protein 1β were significantly elevated during the late stage of infection. Additionally, 2 infected macaques (MK3 and MK6) showed increased production of interleukin 5 and granulocyte macrophage colony-stimulating factor between days 9 and 15 after inoculation. Two infected macaques (MK1 and MK4) showed increased production of interleukin 9 between days 19 and 28 after inoculation, one of which (MK4) showed increased production of the cytokines interleukin 10 and IFN-γ-inducible protein between days 19 and 28 after inoculation. The elevated production of inflammatory cytokines during the experimental infection course indicated that SFTSV infection induced systemic host antiviral immune responses in macaques.
Virus Distribution and Pathological Lesions in Tissues
To assess the tissue tropism of SFTSV, viral RNA copies were measured by a real-time PCR assay in spleen, lymph node, liver, kidney, intestine, lung, muscle, brain, and heart tissue specimens obtained at the end point of experimental infection. We found high viral RNA levels in the spleens of all 6 infected macaques and in the lymph nodes of all but 1 (MK2) infected macaques. Low levels of viral RNA were detected in the liver of 1 infected macaque (MK3), in the kidney of 3 infected macaques (MK3, MK4, and MK6), and in the intestine of 4 infected macaques (MK1, MK3, MK5, and MK6; Figure 4 ). Viral RNA was not detected in the lung, muscle, brain, or heart. A viral titer of 10 4.1 TCID 50 /mL was measured in the lymph nodes collected 2 weeks after virus inoculation from 1 macaque (MK5), suggesting that the lymph node might be the major organ for active replication of SFTSV in macaques and that lymph nodes collected at earlier time points could also be contagious. Viral antigens were not detected in viral RNA-positive tissue specimens by immunohistochemistry assays, which could be due to viral clearance at the end point or the less sensitive detection limit of immunohistochemistry assays. Gross pathological and histopathological lesions were also examined in the tissues collected from infected macaques. All examined organs appeared normal by gross inspection. Major histopathological lesions were found in the liver and kidney ( Figure 5 ). In SFTSV-infected livers ( Figure 5C and 5E), multiple scattered loci of mild-to-moderate piecemeal necrosis and Figure 1 . Kinetics of hematological and biochemical parameters in rhesus macaques following inoculation with SFTS virus (SFTSV). Six rhesus macaques (MK1-6) were infected via intramuscular injection with 10 7 median tissue culture infective doses (TCID 50 ) of SFTSV. Two rhesus macaques (MK-C1 and MK-C2) were injected with saline as controls. Sample collection and analysis were performed at the indicated time points until animals were euthanized. In each graph, gray shadows indicate the physiological reference range of the parameter [26, [34] [35] [36] . *P < .05, between the infected group and the control group at a given time point. Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; LDH, lactate dehydrogenase; RBC, red blood cell; WBC, white blood cell. Decrease to 0.6-fold during days 1-3
Decrease to 0.24-and 0.23-fold in nonfatal and fatal cases, respectively [7] , during days 3-9 [6] Platelet count Decrease to 0.5-fold during days 1-9
Decrease to 0.5-fold during days 1-3
Decrease to 0.23-and 0.14-fold in nonfatal and fatal cases, respectively [7] , during days 5- Mildly hypocellular, increase of activated histiocytes and hemophagocytes [13] bridging necrosis of hepatocytes were observed as multifocal pyknosis, karyorrhexis, and karyolysis. Mild hepatocyte degeneration and inflammatory cell infiltration was also seen in the liver. Major histopathological changes in SFTSV-infected kidneys included glomerular hypercellularity, mesangial thickening, and congestion in the Bowman space, with an absence of inflammatory cell infiltration ( Figure 5D and 5F ). The histopathological lesions observed in SFTSV-infected rhesus macaques were similar to those observed in SFTSVinfected mice [14] (Table 1) . However, in the infected macaques, histopathological scores, which reflect the severity of tissue lesions, were low (Supplementary Table 1 ). The low severity of pathological lesions in SFTSV-infected macaques could be due to the transient nature of pathological lesions that appear in the early phase of infection but resolve in the late phase of infection. Alternatively, the low-to-medium levels of viremia and less severe infection features seen in infected macaques might preclude the development of severe pathological lesions in tissues.
End point analyses of virus distribution and histopathological lesions in infected macaques thus suggest that the spleen, lymph node, liver, kidney, and intestine may be involved in mediating virus-induced pathogenesis or in regulating antiviral responses.
DISCUSSION
In rhesus macaques, SFTSV infection caused mild increases in body temperature, mimicking fever seen in patients with SFTS [6, 7] , but did not cause death or obvious gastrointestinal, hemorrhagic, or central nervous system symptoms, which are seen in severe cases of SFTS in humans. Comprehensive comparison of the magnitude and dynamics of viremia, hematological and Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; G-CSF, granulocyte colony-stimulating factor; GM-CSF, granulocyte macrophage colony-stimulating factor; Hb, hemoglobin; IFN-γ, interferon γ; IgG, immunoglobulin G; IgM, immunoglobulin M; IL-1RA, interleukin 1RA; IL-1β, interleukin 1β; IL-5, interleukin 5; IL-6, interleukin 6; IL-8, interleukin 8; IL-9, interleukin 9; IL-10, interleukin 10; IP-10, interferon γ-inducible protein; LDH, lactate dehydrogenase; MCP-1, monocyte chemotactic protein 1; MIP-1α, macrophage inflammatory protein 1α; MIP-1β, macrophage inflammatory protein 1β; NA, not applicable; NAb, neutralizing antibody; PDGF-BB, platelet-derived growth factor; RANTES, regulated on activation and normally T-cell expressed; RBC, red blood cell; TCID 50 , median tissue culture infective dose; TNF-α, tumor necrosis factor α; WBC, white blood cell. a In nonhuman primates, the fold-change of parameter is calculated by first averaging the most altered values beyond the reference range in infected macaques to get the mean peak value, and then dividing the mean peak value by the mean value in mock macaques. In mice and humans, the fold-change of parameter is calculated by dividing the reported mean value in infected groups by the reported mean value in uninfected groups. b Based on findings from a fatal case [13] . IgG antibodies in plasma were tested by Luminex assays. *P < .05 between the infected group (MK1-6) and the control group (MK-C1 and MK-C2) at a given time point. Abbreviation: MFI, mean fluorescence intensity.
biochemical parameters, and antibody and cytokine responses among macaques, mice, and humans (Table 1) indicates that SFTSV infection in rhesus macaques is similar to that in mice and resembles a mild infection in humans [1, 7, 14, 25] . In SFTSV-infected rhesus macaques, histopathological lesions were identified in the liver and kidney during the late phase of infection and had similar pathological features as those observed in infected mice [14] . In an autopsy report for a patient who died from SFTS during the acute phase of infection, mild microvesicular fatty changes and mild inflammation around portal tracts were found in the liver, and subepithelial hemorrhage was observed in the kidneys [13] . Intriguingly, major histopathological lesions were identified in the lymph nodes in the fatal SFTS case, including depletion of lymphocytes, infiltration of histiocytes, and hemophagocytosis of blood cells [13] . Increased hemophagocytosis was also observed Figure 3 . Kinetics of proinflammatory cytokines in SFTS virus-infected rhesus macaques. Plasma levels of cytokines were quantified by multiplex Luminex assays. *P < .05 between the infected group (MK1-6) and the control group (MK-C1 and MK-C2) at a given time point. Abbreviations: GM-CSF, granulocyte macrophage colony-stimulating factor; IFN-γ, interferon γ; IL-5, interleukin 5; IL-9, interleukin 9; IL-10, interleukin 10; IP-10, interferon γ-inducible protein; MIP-1β, macrophage inflammatory protein 1β; TNF-α, tumor necrosis factor α.
in the spleen in the fatal SFTS case. Increased infiltration of tissue by mononuclear phagocytes and abnormally enhanced phagocytic capacity of phagocytes in the secondary lymphoid organs were similarly observed in mice, with increased infiltration of F4/80-positive macrophages and enhanced phagocytosis of platelets in the spleen during the early phase of infection [14] . It is not known whether the lymph nodes of infected mice presented similar pathological characteristics because lymph nodes were not examined in the previous mouse studies. Although no obvious pathology was observed in lymph nodes of macaques collected in the late phase of infection, decreased counts of red blood cells and platelets in peripheral blood in the early phase of infection may reflect an enhanced consumption by tissue phagocytes in secondary lymphoid organs. Figure 4 . Distribution of the number of viral RNA copies in tissues of SFTS virus-infected macaques. Numbers of viral RNA copies were detected by real-time polymerase chain reaction assays in tissue specimens collected at the experimental end point. In infected macaques (MK1-6), animals MK1-4 were euthanized 4 weeks after inoculation, and animals MK5 and MK6 were euthanized 2 weeks after inoculation. Macaques in the control group (MK-C1 and MK-C2) were euthanized at 4 weeks.
Therefore, these findings suggest that hemophagocytosis occurring in the early phase of infection may be a major cause of SFTSV pathogenesis. Hemophagocytosis can be caused by viral infections, such as Epstein-Barr virus, cytomegalovirus, human immunodeficiency virus, and influenza virus A(H1N1) [26, 27] , and is accompanied by a variety of clinical presentations, including fever, acute liver failure, anemia, and thrombocytopenia, as well as cutaneous and neurological symptoms [26] . Excessively proliferated and activated macrophages infiltrate the lymph nodes and spleen and abnormally hemophagocytose various blood cells in these organs [26, 27] . Activated macrophages can also produce large amounts of inflammatory cytokines to cause secondary organ damage [26] .
Given previous findings that SFTSV can adhere to platelets [14] , it is plausible that, in SFTSV infection, the virus might initially adhere to blood cells, such as red blood cells and/or platelets, inducing their phagocytosis by tissue phagocytes located in secondary lymphoid organs and leading to a decrease in peripherally circulating blood cells. Virus engulfed in tissue phagocytes may then use host cells to rapidly proliferate and cause viremia. This invasion process may also stimulate the production of IFN-γ and other inflammatory cytokines to activate host immune responses and clear the virus, while secondary damage of organs may occur during this process. In immunocompetent animals, virus was efficiently cleared in the early phase of infection, and transient histopathological lesions were resolved in the late phase, similar to patients with SFTS with mild infection who had viremia and various symptoms in the acute phase and thereafter recovered without sequelae. However, in fatal SFTS cases, most commonly in elderly individuals [6, 7] , the immune system may not be sufficiently efficient to clear the virus in the acute phase. Thus, the virus could continue to proliferate at high titers and cause persistent activation of tissue phagocytes, dramatically enhancing hemophagocytosis and cytokine storms, which could then lead to severe dysfunction of multiple organs and, eventually, to death.
The difference in infection features observed between macaques and humans may be due to many factors, including inherent differences in genetic background, analysis at different stages of infection, and different virus strains, infection routes, and exposure doses. Individual variation among infected macaques may be due to the differing genetic backgrounds in outbred nonhuman primates. In fact, SFTSV infection in individual patients also varied from asymptomatic infection to mild infection, severe disease, and death [6, 28, 29] , suggesting that host factors may play critical roles in determining disease severity. Individual variation in experimental SFTSV infection in macaques may also depend on virus strains, inoculation route, exposure dose, and macaque species, as well as on the passage generation of virus. For example, the first study describing an infection of nonhuman primates with Rift Valley fever virus (RVFV) reported febrile responses and leukocytopenia but not death [30] . Later studies found that Egyptian viral strains of RVFV were more pathogenic for macaques [31] . The marmoset (Callithrix jacchus), a New World primate species, was more susceptible to RVFV infection and had more-marked changes in clinical chemistry and hematological findings than rhesus macaques [19] . RVFV-infected nonhuman primates do not produce a uniformly fatal infection, and <20% of rhesus macaques infected with RVFV develop severe disease [31, 32] .
In our study, to minimize individual variation, 8 macaques have the same sex and comparable age and weight. To mimic the infection of humans by tick bite, intramuscular injection was used to inoculate SFTSV, which has been shown in mice to be as efficient as subcutaneous injection in inducing infection of tick-borne viruses, including SFTSV and CrimeanCongo hemorrhagic fever virus [14, 33] . Furthermore, given that macaques have diverse genetic backgrounds and thus may have different infection features, we inoculated 6 macaques with SFTSV to capture the range of possible disease features. Before this study, there was no information on the progression of SFTSV infection in macaques. Because most patients with SFTS recovered in 2-4 weeks [6] , 4 macaques were comprehensively analyzed at various time points throughout 4 weeks and followed by an end-point necropsy.
Patients with severe SFTS commonly died within 2 weeks after disease onset [6] , so we designated 2 macaques for early phase necropsy if severe symptoms appeared within 2 weeks. Because no severe symptoms appeared, these 2 macaques were euthanized at 2 weeks, in the middle of the infection course. This study design allowed us to perform a complete dynamic analysis on virus clearance, hematological and biochemical parameters, and immune responses from the earliest point of SFTSV infection in macaques. However, because of a lack of obvious disease symptoms, we were not able to perform necropsy during the most severe stage of disease, when significant histopathological lesions might be identified. Additionally, we could not identify an association between viremia and any parameters or cytokines, as has been revealed in population studies. This may be due to our limited sample size of 6 infected macaques [6, 7] or to individual variations in viremia, laboratory parameters, and cytokine responses.
In conclusion, this study comprehensively describes the infection of a novel phlebovirus, SFTSV, in nonhuman primates. We show that SFTSV can infect rhesus macaques and induce infection features and immune responses that mirror mild infection in humans. Although this study has several limitations in population size, infection route, and a lack of examination of histological lesions during the early phase of infection, it supplies useful information for better understanding SFTSV pathogenesis. Further studies in macaques are needed, including testing different macaque species, infectious routes, inoculation doses, and virus strains, as well as necropsies during earlier time points of infection. For practical reasons, in vivo studies to investigate disease pathogenesis and variability of clinical presentations are limited in humans. Thus, this study of nonhuman primates advances our understanding of the pathogenesis of SFTSV infection and will eventually facilitate development of novel treatment strategies and vaccines to combat this emerging bunyavirus.
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